Introduction
Ionization trails are formed in the TPC gas volume as charged particles travel through it. These trails are formed as a combination of positive ions and secondary electrons. The electrons produced travel quickly towards the collection (anode) plates and in their way they collide with gas molecules causing them to deflect in the X-Y plane. This process is called diffusion and its underlying dynamics is effectively modeled by a random walk with one longitudinal and one transverse coupling coefficient. The diffusion coefficients depend solely on the gas mixture and on the electric and magnetic fields in which the electron motion takes place.
On the other hand, the (massive) ions move slowly towards the central membrane. Since the collision rate is high, there is a chance that a second collision takes place before the ions are completely gone. Additionally, there is a second source of ions injected back from the GEM amplification chain in the anode plate called Ion Back Flow (IBF). If not stopped, these back flow ions will travel the full distance between the end plates and the central membrane at terminal speed. The amount of IBF depends on the overall amplification of the GEM configuration and typical values are of the order of 1% IBF for a 2000 gain.
Simulation of Charge Density Accretion
When a collision takes place, the charged particles are allowed to deposit energy in the TPC gas. The energy is in turn translated into electrons from the number of effective ionization electrons produced per keV in the gas mixture under consideration (figure 1). The electrons (ions) are let stream free towards the collection plates (central membrane) for ∆τ time. If the electrons arrived to the collection plate before ∆τ, which is most of the time for the collision rates considered, ions from IBF are injected and propagated towards the central membrane. When the ions touch the central membrane, they are removed from the gas volume (left side of figure 2).
The rates at RHIC were simulated sampling event by event a time in between collisions ∆τ from a poissonian distribution whose mean represents different collision rates scenarios: 15kHz, 25kHz, 50kHz and taking into account a minimal time unit of 106 ns, which corresponds to RHIC's beam structure. Figure 2 shows the resulting charge density for our gas with 1%IBF at 15kHz. The particles abundance and kinematics used here come from central Au+Au Hijing events for collisions at 200 GeV plus Geant4 in order to model the energy deposition and tracking in the magnetic field. The material budget of all sPHENIX detectors [2] were included in the simulation.
Distortions in the Electric Field due to Spacecharge
The electric field produced due to spacecharge stockpile can be computed analytically using Green's function to solve the problem of a point charge inside a cylindrical grounded vessel. The electric field due to spacecharge for every point inside the cage can then be computed as E(r, ϕ, z) = −∇Φ(r, ϕ, z), Φ(r, ϕ, z) = 1 ε 0 V r dr dϕ dz ρ(r , ϕ , z ) · G(r, ϕ, z, r , ϕ , z ) (3.1) where the integral is over the whole volume confined by the TPC cage. This problem has been extensively studied for ALICE's TPC [3] , where it was found that the solution can be written as an expansion in the Bessel base. For this work a truncation to the 15th order was found to converge for the dimensions of the sPHENIX TPC.
Distortions in Traveled Path from Generation to Readout
Single electrons drifting under the presence of electric and magnetic fields can be modelled using the Langevin equation [4] :
where u is the drift velocity, q is the charge of the drifting particle in units of electron charge, the first two terms at the right hand side of the equation account or the electric force while the third is an effective frictional force which is related to the mean free path in the gas (K> 0). The steady solution ( d u dt = 0) under adiabatic approximation (t m K ) is
where µ = q K is the ion mobility in the gas, ω is the cyclotron frequency for the electron and τ is the mean interaction time between drifting electrons and atoms in the gas. ωτ = qµ| B|.
The spatial distortion profiles are shown in figure 4 . The results show that the maximal distortions are obtained close to the field cage and central membrane. The distortions found are of the order of few centimeters which is one order of magnitude less than those found for the ALICE case. When it comes to distortions, two geometrical properties compete with each other as aggravators: the proximity of the cage to the interaction point and the long extension in Z. Notice also that as a function of R, both the δ R and Rδ ϕ change sign when moving from the inner to the outer cage wall. Figure 5 shows a one axis projection of the δ R and Rδ ϕ distortions for several IBF and collisional rate configurations. Distortions are found to increase monotonically as a function of these two parameters. For all the cases explored here the distortions are expected in the order of few centimeters at most.
